Liberase is a highly purified blend of collagenases that has been specifically developed to eliminate the numerous problems associated with the conventional use of crude collagenase when isolating islet-like cell clusters (ICCs) from pancreases of different species. The influence of Liberase on yield, size, viability, and function of ICCs has been documented when this enzyme was used to digest adult but not fetal pancreases. In this study, we compared the effects of collagenase and Liberase on fetal pig ICCs. A total of eight fetal pig pancreas digestions were analyzed. Fetuses were obtained from Large White Landrace pigs of gestational age 80 ± 2.1 days. The pancreases were digested with either 3 mg/ml collagenase P or 1.2 mg/ml Liberase HI. The time taken to digest the pancreas was shorter for collagenase when compared with Liberase (22 ± 2 vs. 31 ± 2 min). The size of ICCs was similar for both collagenase (83 ± 0.5 µm) and Liberase (79 ± 0.4 µm) as was the number of ICCs produced per pancreas (7653 ± 1297 vs. 8101 ± 1177). Viability, as assessed using fluorescent markers, was slightly greater for Liberase (79 ± 1% vs. 76 ± 1%, p < 0.05). Responsiveness to β-cell stimulus (20 mM KCl) was similar for both methods of isolation, as was the insulin content of the ICCs, both in vitro and at 1 month after transplantation of 1500 ICCs beneath the renal capsule of immunoincompetent mice. Despite the high content of endotoxins in collagenase, the above results show that this enzyme was equally as efficient as Liberase in isolating functional ICCs from fetal pig pancreas.
INTRODUCTION
levels of impurities associated with crude collagenase preparations. The need to overcome these obstacles (batch to batch To achieve optimal function of islets of Langerhans when transplanted into type I diabetes recipients, it is variability, instability and endotoxin activity of collagenase) stimulated the commercial development of vital to consider the isolation procedures, but more importantly the enzymes involved in isolating and purifyLiberase, a highly purified mixture of collagenases with low endotoxin levels. Indeed, significant improvements ing such islets.
Collagenase, type P, has traditionally been the enin reproducibility and viability, as well as islet yield, have been observed when Liberase was used to isolate zyme of choice when digesting pancreatic tissue. However, the activity of such an enzyme tends to vary behuman (19, 21) , canine (18), rat (9), and pig (5) pancreatic islets. tween different commercially available batches, which creates an inconsistency in reproducing uniform islet
There is growing interest in clinical islet transplantation to xenotransplant fetal porcine islet-like cell clusters isolation preparations. Another obstacle encountered during collagenase digestion is the exposure of islets to (ICCs), due to the scarce number of human pancreas donors, and difficulties experienced while isolating high concentrations of endotoxins that may impair islet function and survival posttransplantation (4, 14, 20, 33) .
intact islets from adult pancreases. While some researchers are using Liberase to isolate ICCs from fetal pig panFurthermore, the efficiency of the enzyme in isolating pancreatic islets degrades with time, regardless of maincreas (15) , there are no data comparing the efficiency of this enzyme with collagenase. The purpose of our study taining proper storage conditions (7,16). This is mainly attributed to the different types of enzymes and the high was to compare these two enzymes.
MATERIALS AND METHODS
The process was terminated when cell clusters were visible. This took 22 ± 2 min for collagenase and 31 ± ripheral cells. The suitability of using a combination of supplemented with 10% fetal calf serum (FCS) (Trace fluorescent dyes to assess the viability of islets has been Biosciences), 112 mg/L benzylpenicillin (CSL, Commonestablished previously (3, 23) . wealth Serum Laboratories, Parkville, Australia), and 500 mg/L gentamicin (Pharmacia & Upjohn, Bentley, Insulin Secretion and Content Australia). The medium used for stimulating insulin seUnlike adult β-cells, fetal β-cells do not secrete insucretion from the fetal tissue was a HEPES-buffered Earle's lin in response to glucose (30). They do respond to a medium (BEM), which was homemade and supplenumber of other secretagogues, however, including KCl, mented with 0.2% bovine serum albumin (BSA). Unless glipizide, leucine, and dibutryl cyclic AMP (unpublished indicated otherwise, all reagents were from Sigma data from experiments conducted by the authors). Of (Sigma Chemicals Co., St. Louis, MO).
these stimuli, the one that caused most increase in insuPreparation of Fetal Pig ICCs lin secretion was KCl 20 mM. It is this agent, which acts to close ATP-dependent K + channels, that was used Pancreases were removed from fetal pigs and ICCs were isolated by digesting the tissue with either collain the current study to test the ability of the fetal β-cell to regulate insulin secretion. KCl experiments were genase P or Liberase HI as previously described (30). In summary, 1 g of pancreatic tissue was finely minced and carried out as described previously (31). Briefly, aliquots of 200 ICCs, handpicked separately from each half of it was exposed to 3 mg/ml collagenase and to the other half 1.2 mg/ml Liberase was added in a final volgroup, were exposed to BEM containing 20 mM KCl (stimulated release) or to BEM alone (basal release) and ume of 20 ml. The mixtures were placed in an incubator and vigorously stirred to allow partial digestion of the incubated for 1 h at 37°C. The supernatant was then removed and assayed for insulin using a human insulin tissue. Optimal concentrations of collagenase and Liberase were determined based on extensive preliminary standard (Novo Nordisk, Bagsvaerd, Denmark). Insulin content of freshly picked ICCs was determined after studies carried out by us (unpublished data) and other investigators (15 (Fig. 2) . The insulin content of ICCs was the same NOD/SCID mice (n = 6) (Institute of Medicine and Vetfor each group, regardless of whether expressed as per erinary Science, Adelaide, South Australia). Four weeks pancreas or mg DNA (Table 1) . posttransplantation, the mice were killed and grafts retrieved. Insulin was extracted from the tissue with cold
Level of Endotoxins acid ethanol and the insulin content was determined by
The amount of endotoxins measured in Liberase HI radioimmunoassay. was 2.2 EU/mg and, therefore, at the concentration we Statistical Analysis used, 1.2 mg/ml would contain 2.64 EU/ml endotoxins. On the other hand, the amount of endotoxins per mg of All values are expressed as mean ± SEM. Statistical collagenase P was 210 EU and at the concentration we analysis of data was carried out using the computer staused, 3 mg/ml, would contain 630 EU/ml. Thus, the tistical package NCSS (1997). Data were compared beamount of endotoxins in Liberase was 240-fold lower tween the two groups by performing a Student's t-test.
than that in collagenase P. Differences between the two groups were considered significant when values showed a p < 0.05.
Effect of Transplantation

RESULTS
The total insulin content of the ICCs grafted into each A total of eight pancreases obtained from eight differmouse was the same, regardless of which method was ent litters (gestational age 80 ± 2.1 days) were digested used to prepare the ICCs: collagenase 0.99 ± 0.30 (n = with collagenase P and Liberase HI. The following pa-24) vs. Liberase 0.61 ± 0.07 mU (n = 24) (p > 0.05). ICCs rameters were used to compare the effect of the two transplanted into the mice proliferated, and 1 month later enzymes on the isolation of fetal pig ICCs.
could be seen as pearly white masses on the surface of Size the kidney. The insulin content of these grafts was similar regardless of the method used to prepare the ICCs: The average size of the ICCs obtained by collagenase collagenase 16.1 ± 1.7 (n = 22) vs. Liberase 15.1 ± 1.5 digestion was 83.2 ± 0.5 µm and by Liberase digestion mU (n = 20). In both cases, there was a marked increase 79.0 ± 0.4 µm. These results were not significantly difin insulin levels from pretransplant values, with the ferent from each other. This can also be seen in The use of two different strains of immunoincompe-
Number of ICCs/Islet Equivalents (IE)
tent mice did not affect the outcomes of the study as no significant differences were observed for all the parame-A pancreas digested with collagenase P yielded a mean of 7653 ± 1297 ICCs (Table 1) . This was similar ters analyzed above in each strain. 
DISCUSSION
sessed. Islet yield increased by 65% and IE yield increased by more 100% when Liberase HI was used to Compared with collagenase, Liberase is reported to digest adult human pancreases (19) . Similarly, adult caimprove the yield of islets obtained by digesting adult nine pancreases digested with Liberase CI yielded human (19, 21) , canine (18), rat (9), and pig (5) pancrealmost three times the number of IE per gram of panases. It is thought that this enzyme is advantageous becreas than the canine pancreases digested with collagencause it does not vary from batch to batch (19) , has a ase P (18). Brandhorst et al. showed that using Liberase very long shelf life, and contains negligible amounts of HI to digest adult pig pancreases at low temperatures endotoxins. Whether Liberase is superior to collagenase (24-28°C. cf. 35-37°C) resulted in almost twice the when digesting fetal tissue is unknown. In our research number of ICCs compared with collagenase P. This low group, where projects extensively involve the fetal pig temperature isolation method, which may gradually inpancreas/ICCs, we had the opportunity to examine this.
crease Liberase HI activity, thereby expanding the time Our data demonstrate that digestion of a fetal pig panframe for complete islet cleavage (5), may be more ideal creas results in similar ICCs regardless of whether Libfor digestion of adult pig pancreas, which has high leverase or collagenase was used. Specifically, Liberase diels of exocrine enzymes compared with the fetal pig gestion in comparison with collagenase digestion did not pancreas. improve the yield of fetal ICCs and IE, an observation
In terms of function, both in vitro and in vivo, fetal not seen in the studies mentioned above, where Liberase vs. collagenase digestion of adult pancreases was asICCs prepared with Liberase or collagenase behaved was not sufficient to compensate for its lower collagenase activity in determining its efficiency to form ICCs. Most of the studies mentioned above suggested that the relatively low levels of endotoxins found in Liberase blends are one of the main contributing factors to the improvements experienced in adult pancreas digestions. Some authors (9,14) went on to suggest that the use of an enzyme with low endotoxin concentrations may promote better graft survival by diminishing early local inflammatory reactions. Recently, it was reported that endotoxins induced proinflammatory cytokine expression in adult murine islets isolated using collagenase (4) . As a result, the cytokines, interleukin-6, interleukin-1β, and tumor necrosis factor-α, delayed the function of these were not toxic to the fetal pig ICCs. An explanation for this has been determined in a separate study in our unit (1) . We examined whether high concentrations of husimilarly. ICCs processed using either enzyme responded to the KCl stimulus by secreting similar amounts of inman cytokines (TNF-α, IFN-γ, and IL-1β) would adversely affect the function of fetal pig β-cells just as sulin. Assessment of function of collagenase ICCs in vivo revealed a similarity to that of Liberase ICCs. In they are known to do to adult human (25) and rodent (6,27) β-cells. Unlike adult pig β-cells, fetal pig β-cells both groups, ICCs survived, grew, and had the same insulin content. Thus, the slightly greater viability of the were found to be resistant to the toxic effects of the cytokines even when exposed to them for up to 3 days. ICCs in vitro, as assessed by fluorometric means, had no adverse functional consequence on the cells. Because This resistance may be attributed to a protective effect of the relatively higher level of antioxidant enzymes catICCs prepared by either collagenase or Liberase functioned similarly both in vitro and in vivo, it is presumed alase, glutathione peroxidase, and superoxide dismutase (1) . The importance of these enzymes in protecting β-that both groups of ICCs would eventually normalize blood glucose levels of diabetic recipient mice. To demcells from the toxic effects of cytokines has been shown by a number of groups (11, 22, 24, 28, 35) . onstrate this would require transplanting the ICCs into diabetic mice and monitoring blood glucose levels for Porcine Liberase (Liberase PI) was formulated for digestion of the adult pig pancreas to produce islets. several months (17), something that was outside the scope of the current protocol.
Whether it is suitable for use in preparing ICCs from the fetal pig pancreas was not determined by its manuLiberase did take longer to digest fetal pig ICCs than collagenase: 31 vs. 22 minutes. This can be attributed to facturers. Initially we used Liberase PI and found that the pancreases took considerably longer to digest than the smaller amount of collagenase in the Liberase preparation. The lot of Liberase HI we used contained 3.26 they did with human Liberase (Liberase HI): 40-55 vs. 31 min, respectively. We attribute the greater efficiency U/mg and, therefore, at the concentration we used, 1.2 mg/ml, would have 3.9 U/ml. Collagenase P had 3. 15 of Liberase HI to its higher protease content 230 U/mg, cf. 110 U/mg in porcine Liberase (Roche Diagnostics U/mg of collagenase activity, and at the concentration used, 3 mg/ml, would have 9.45 U/ml. Thus, the amount Corporation). All Liberase formulations for pancreatic islet isolation are composed of collagenase I, collagenof collagenase activity in Liberase was one third of that in collagenase P. Both preparations contain neutral proase II, and neutral protease. Levels of collagenase in the different formulations are similar, but not the amount of tease activity in addition to collagenase. The protease activity of Liberase and collagenase was 203.3 and 52.5 protease. Presumably this is because of the variation in protease activity in the pancreas of different species. Un-U/mg, respectively. Thus, in the concentrations we used, the amount per milliliter was 244 and 157.5 U, respeclike adult pancreas, 99% of which produces enzymes including proteases, fetal pancreas contains far fewer entively. That is, Liberase has 1.5 times the amount of protease activity present in the collagenase preparation.
zymes. This is because the exocrine cells that produce these enzymes are not fully developed until after birth Presumably, the greater amount of protease in Liberase
